. The benefit covers part-time or intermittent skilled nursing and therapy services provided to eligible homebound beneficiaries under the direction of a physician. It also covers, for individuals qualifying for the home health benefit, part-time or intermittent home health aide services that are needed to maintain the beneficiary's health or to facilitate treatment. Over 7,000 home health agencies (HHAs) were certified to participate in the Medicare Program in 2003 with 7.5 percent of all beneficiaries (2.7 million persons) receiving home health services. These individuals were predominantly female, over age 75, and had a wide range of acute and chronic conditions (Centers for Medicare & Medicaid Services, 2005) .
DHHS has two key initiatives developed and implemented by CMS to assess, improve, and report on the quality of home health care. The Outcome-Based Quality Improvement (OBQI) program provides reports to all Medicare-certified HHAs on their patients' outcomes so that agencies can identify potential quality problems and devise appropriate strategies to address them . The Home Health Quality Initiative (HHQI) uses a subset of the OBQI quality measures for public reporting (U.S. Department of Health and Human Services, 2003a) . The purpose of HHQI is to provide useful information for potential home health consumers to make informed decisions when choosing a HHA, and to provide an incentive for HHAs to improve the quality of their care.
There are 41 home health quality measures in the context of the OBQI framework. They include clinical outcomes in several domains (i.e., physical functioning, physiologic measures, emotional/behavioral problems, and cognitive functioning) as well as health care utilization outcomes. Ten of the 41 OBQI quality indicators currently are publicly reported as part of HHQI: improvement in bathing, transferring, ambulation, management of oral medications, pain interfering with activity, dyspnea, and urinary incontinence; and acute care hospitalization, discharge to the community, and emergent care ( Table 1) .
The Outcome and Assessment Information Set (OASIS) is the source of the data used in OBQI and HHQI. Since July 1999, HHAs participating in the Medicare or Medicaid Programs have been required to collect OASIS on all persons age 18 or over admitted to certified HHAs. The two exceptions are persons receiving pre-or postpartum maternity services and those receiving only personal care, chore, or housekeeping services. 1 Data are collected on admission, every 60 days thereafter and at discharge, as well as when patients have a significant change in health status, transfer to an inpatient setting, and resume home health care following an inpatient stay. Baseline and discharge values of clinical measures are compared to determine a patient's health status outcomes, while utilization outcomes (e.g., hospitalization) are based on transfer and discharge data. NOTES: Outcomes labeled as Improved in are binary indicators of whether status at discharge is better than at start of the episode on that outcome. Episodes that start at the ceiling of the outcome measure (i.e., those that could not improve because they are already at the top) are excluded from the denominator for Improvement outcomes.
Outcomes labeled as Stabilized in are binary indicators of whether status at discharge is the same or better at discharge as compared to the start of the episode for that outcome. Episodes that start at the floor of the outcome measure (i.e., those that could not get worse because they start at the worst level), are excluded from the denominator for Stabilization outcomes. Risk adjustment is a critical tool in public reporting of quality measures. Its aim is to level the playing field so that providers serving different patients can be meaningfully compared (Johnson, 2003) . HHAs need to be confident that risk adjustment allows a fair comparison regardless of the types of patients served, and consumers need to be confident that quality of care is accurately reported.
All 10 HHQI quality indicators currently are risk adjusted using a data-driven stepwise approach with a separate set of risk factors included in the risk-adjustment model for each outcome. The stepwise approach tends to maximize the variance in the outcome measure explained by risk adjusters available in the particular data set being modeled. It also risks over-fitting the data with risk-adjustment models not performing as well when applied to new data (e.g., subsequent years of agency OASIS data). To at least partially address this problem, the current stepwise risk-adjustment models first were estimated using a developmental sample and then evaluated using a validation sample. The stepwise approach to risk adjustment, however, still is difficult for agencies to understand and to implement in their own settings.
The purpose of our project was to develop and test a theory and evidence-based approach to risk adjusting all 41 OBQI quality indicators including the 10 publicly reported quality measures that are the focus of this article. Advantages of a theory and evidence-based approach include simplicity, understandability, and stability of the risk-adjustment models over time. There also is the potential for greater parsimony in data elements needed for risk adjustment given the large number of outcomes in the OBQI program. Specific aims were to:
• Identify a core set of risk adjusters for inclusion in all risk-adjustment models as well as a small number of supplemental risk adjusters plausibly influencing individual outcomes.
• Examine the contribution of the supplemental risk adjusters to the explanatory power of outcome models that already include core risk adjusters.
• Compare the number of risk adjusters used and performance of current and alternative risk-adjustment models.
• Compare agency quality ratings based on current and alternative risk-adjustment approaches. Refinements in risk adjustment ultimately should lead to more effective methods of assessing and improving the quality of home health care (Murtaugh et al., 2006) .
FraMewOrK
The alternative models were developed within the framework of the OASIS in place at the time of the study. We relied solely on OASIS, which is the source of current risk adjusters and contains only patient data, because a project goal was to develop alternative risk-adjustment models that could be implemented using existing data sources. Market characteristics were not considered. Although they theoretically could influence patient outcomes, public reporting under the HHQI program is designed to report outcomes for agencies in the same geographic area, primarily the same county or ZIP Code, although outcomes can be generated for all agencies in a State (U.S. Department of Health and Human Services, 2003b) . Market characteristics do not need to be considered as potential risk adjusters for home health outcomes given the design of public reporting.
The framework for selecting the core set of OASIS risk adjusters is based on Iezzoni's (2003) conceptual approach to risk adjustment of health care outcomes, prior empirical research on home health outcomes (Schlenker, Powell, and Goodrich, 2005; Murtaugh et al., 2005; Feldman et al., 2005; Peng, Navaie-Waliser, and Feldman, 2003; Cheh and Black, 2003; Fortinsky and Madigan, 1997) , and the input of a Technical Advisory Group (TAG) convened to provide feedback on preliminary project findings. The specific domains (and subdomains) of potential risk adjusters in our framework are: • Demographic characteristics.
• Socioeconomic factors (educational attainment, health insurance coverage, familial characteristics, and assistance in the home).
• Clinical status prior to home care admission (historical use of health services, prior medical conditions, and prior physical functioning).
• Clinical status at home care admission (physical functioning, physiologic measures, primary diagnosis and comorbidities, cognitive status, mental health, and clinical therapies).
• Health-related behaviors and activities.
MetHODS

Source of Data
The data analyzed in this project were obtained from the University of Colorado Health Sciences Center, the CMS OBQI contractor at the time of the study. They drew the data from the OASIS National Repository at CMS to create discrete episodes of home health care during calendar year 2001. OBQI episodes in most cases represent the period from admission to discharge with OASIS data collected at these two time points determining the 41 outcomes. However, if the patient is transferred to an inpatient facility (e.g., an acute care hospital) but not formally discharged, the initial OBQI episode is ended and a new OBQI episode begins when the patient returns to the HHA. The OASIS assessment conducted when care resumes is the source of baseline data for evaluating subsequent outcomes.
Approximately 1,500,000 OBQI episodes are present in the overall data set. The file includes all episodes of care that both begin and end within the calendar year. The University of Colorado randomly assigned about one-third of the episodes to the developmental sample for initial estimation of risk-adjustment models for most outcomes. The remaining 1,000,000 were used to validate the final models derived from analysis of the developmental sample.
The data set contains the 41 OBQI outcome indicators and 143 potential risk adjusters derived from OASIS, with detailed technical specifications publicly available online (U.S. Department of Health and Human Services, 2003c). All of the data needed to replicate the riskadjustment models employed in OBQI and HHQI at the time of the study were included on the files.
The project estimated preliminary models using the 143 candidate risk adjusters. Following the TAG meeting, a small number of potentially important risk adjusters available on raw data files edited by the CMS contractor were requested by the project team and provided by the University of Colorado.
analytic Methods for Developing alternative Models
Preliminary data analyses included replication of current risk-adjustment models for the 11 HHQI outcomes at the time the study began and development of alternative models for these outcomes. 2 Logistic regression is the statistical method currently used to risk adjust OBQI outcomes. We also used logistic regression when estimating alternative models since the purpose of the project was to replicate the existing approach and compare it with a theory and evidence-based approach to selecting risk adjusters.
Estimation of the preliminary theory and evidence-based models proceeded sequentially. A total of six models was estimated for each of the initial 11 HHQI outcomes. We began with a model limited to a core set of clinically relevant risk adjusters, which included the baseline value of the outcome measure if it was not already among the core variables. We then added risk adjusters in groups to the core model in the following order:
MeasuresAddition of other baseline clinically relevant patient characteristics plausibly influencing the specific outcome.
• OASIS Prior Items-Addition of prior health status variables (e.g., physical functioning 14 days prior to admission). The rationale for examining prior health status variables separately is because of questions regarding their reliability and possible elimination from the OASIS instrument.
• Clinical Therapies-Addition of indicators of whether the patient was receiving specific therapies at baseline (i.e., oxygen therapy, intravenous/infusion therapy, enteral/parenteral nutrition, and ventilator). The rationale for examining therapies separately from other clinically relevant risk adjusters is that they are qualitatively different from the demographic and clinical characteristics of individuals. In addition, these therapies are used to determine the case mix adjusted Medicare home health payment rate and might seem to be subject to HHA gaming. Clinical and industry experts agree, however, that these Several statistics were estimated to compare and evaluate the performance of current and alternative risk-adjustment models: (1) number of OASIS items that are the basis for the risk adjusters included in the model, (2) number of OASIS elements that are the basis for the risk adjusters included in the model (some OASIS items include multiple elements with each element separately assessed and marked), (3) R 2 statistic (technically, a pseudo R 2 statistic employed by the University of Colorado that is the squared correlation between the observed and predicted value of the dependent variable), and (4) c statistic (a measure of how well the risk adjusters in the model correctly classify the outcome examined; a model that performed no better than chance would have a c statistic of 0.5, while a completely accurate model would have a c statistic of 1.0).
The TAG meeting then was conducted with experts in home health care and risk adjustment as well as policymakers and provider representatives. The TAG provided input on our initial approach based on the results of the preliminary data analyses. They suggested that a small number of additional OASIS items be obtained and preliminary risk adjusters refined prior to finalizing the set of core risk adjusters to be included in all alternative models.
The analyses conducted after receipt of additional OASIS data from the University of Colorado included examination of alternative specifications of the detailed living arrangement and informal support data collected in OASIS. The additional data and respecification of the living situation and informal support measures did not substantially alter their contribution to the explanatory power of the alternative risk-adjustment models that already included demographic, payer, and clinical measures. The one exception is the riskadjustment model for improvement in medication management. When the living arrangement and social support measures were added to a model with demographic, payer, and clinical measures, the R 2 statistic increased from 15.7 to 16.7 percent. These conceptually important measures were excluded from the alternative models because of the limited contribution to the explanatory power of the risk-adjustment models. Table 2 lists the final set of core risk adjusters in the alternative models along with their specification. A total of 43 OASIS items was used to construct the core risk adjusters. The one core risk adjuster that varies from model to model is the baseline value of the outcome indicator. The baseline value, specified as a categorical variable, tends to make a relatively large contribution to the explanatory power of risk-adjustment models. It appears to be adjusting for differences in the probability of improving related to the number of levels of the OASIS item.
Risk adjusters specific to each outcome, including measures of health status prior to admission and selected clinical therapies, are listed in Table 3 . Some items are common to all risk-adjustment models within a domain. For example, obesity is included in the risk-adjustment models of all activity of daily living (ADL) outcomes. Other items are specific to a single outcome. For example, whether a patient smokes is specific to the improvement in dyspnea risk-adjustment model. Measures of clinical status prior to home health admission are listed after the baseline measures. As previously noted, these OASIS items were examined separately from other outcome-specific risk adjusters because of questions about their reliability and possible elimination from the OASIS instrument. There are no directly related, conceptually important prior health status risk adjusters for four HHQI outcomes (i.e., improvement in dyspnea and the three utilization outcomes).
analytic Methods for examining agency impacts
An agency-level analysis was conducted to examine how alternative approaches to risk adjustment of the OBQI quality indicators affect an agency's quality ratings. The agency-level analysis employed the validation data set provided by the University of Colorado with approximately 5,000 agencies included on the calendar year 2001 files. Three adjusted agency outcome rates were calculated for each OBQI outcome: (1) the adjusted outcome based on the current risk-adjustment model, (2) the adjusted outcome based on the alternative risk-adjustment model including only core variables, and (3) the adjusted outcome based on the alternative model including outcome-specific risk-adjusters in addition to the core variables. Not all agencies have estimates for all outcomes. We followed the current HHQI approach which is not to estimate or report an outcome for an agency if it has fewer than 20 episodes with the potential to have an outcome.
There were five steps in the calculation of the adjusted agency outcome:
• Identify episodes where patients have the potential to have an outcome; for the seven health status measures reported in HHQI, this is the subset of episodes ending with discharge to the community where patients can improve their status from baseline (i.e., they do not begin the episode in the best category of the measure).
• Determine the observed percent with the outcome at each agency with at least 20 episodes with the potential to have the outcome.
• Estimate the predicted probability of the outcome at the individual episode level using the current risk-adjustment model and then the alternative models.
• Calculate the average predicted probability of the outcome at each agency when the current risk-adjustment model is used, and then when the alternative models are used.
• Adjust the agency mean so that agencies can be compared to the national average for an outcome using the CMS formula for HHQI reports, as developed by the 
reSUltS
Comparison of Current and alternative Models
A summary of the model statistics for the current as well as core and full alternative models is reported in Table 4 . The alternative models typically have slightly lower explanatory power than the current riskadjustment models. Specifically, the R 2 statistic for the full model tends to be within 1 to 2 percentage points of the R 2 statistic for the model developed by the University of Colorado. There is a similar pattern for the c statistic. The slightly lower explanatory power of all but one of the full models is not surprising since, as previously noted, the stepwise approach tends to maximize the variance in the outcome measure explained by risk adjusters available in the particular data set being modeled. The alternative models that include only core risk adjusters do not predict outcomes as well as the full alternative models for the health status outcomes. Measures of physical functioning prior to home health admission are particularly significant in the risk-adjustment models of ADL and instrumental activity of daily living (IADL) improvement (not shown). In contrast, the outcome-specific risk adjusters contribute relatively little to the explanatory power of the utilization outcomes. Figure 1 graphically compares the explanatory power of the current and alternative HHQI riskadjustment models (both the core and full models) as measured by the pseudo R 2 statistic.
The total number of OASIS items and elements employed to risk adjust all 10 HHQI indicators is reported in Table 4 . The current risk-adjustment models require a greater number of OASIS items and elements than the alternative models (87 items and 133 elements for the current models; 43 items and 61 elements for the 10 core models; and 55 items and 84 elements for the 10 full alternative models). The current model for risk adjusting improvement in transferring employs the greatest number of OASIS items and elements (i.e., 60 items and 87 elements).
Among the alternative models, the largest number is used in the full risk-adjustment model of improvement in urinary incontinence (i.e., 46 items and 72 elements).
agency analyses
Overall, the quality ratings for most agencies and most outcomes are similar regardless of whether the current or alternative models are used to risk adjust HHQI outcomes. The difference between the riskadjusted percent of an agency's patients with each outcome (e.g., the percent of an agency's patients improving in bathing) tends to be minimal. The average difference is no more than 1 to 2 percentage points when current and full alternative model results are compared. For a small share of agencies (i.e., those below the 5 th or above the 95 th percentile of the distribution), however, differences exceed 4 percentage points for three of the HHQI measures: improvement in ambulation, acute care hospitalization, and discharge to the community (not shown). The basic pattern of impacts is the same when quality ratings for the current and core alternative models are compared. The difference in risk-adjusted outcomes increases, however, to between 1 and 3 percentage points for most agencies on most outcomes (not shown).
While the magnitude of the difference between outcome estimates using current and alternative risk-adjustment approaches is important, it is the ranking of each agency relative to others that is likely to be of most concern to providers. Spearman's rank correlation coefficient between an agency's ranking using the current and alternative risk-adjustment models for each of the 10 HHQI outcomes is presented in Figure 2 .
The correlation coefficients for agency rankings based on the current and full alternative models approach 1 (i.e., they are above 0.950) for most outcomes indicating that the rankings are close to the same. The lowest correlation coefficient is 0.925 for improvement in ambulation. The correlation coefficients decline slightly when agency rankings are based on the current and core alternative models. However, only the correlation coefficient for improvement in ambulation falls below 0.900. Agency quality rankings for health status outcomes differ the most where there is the greatest difference in the explanatory power of the current and alternative risk-adjustment models. In the case of improvement in ambulation, the alternative risk-adjustment models explain considerably more of the variation in the outcome than the current model. It is the reverse for the improvement in medication management outcome indicator. The correlation in quality rankings for the utilization outcomes, on the other hand, remain well above 0.900 despite the exclusion of LOS from the alternative risk-adjustment models which contributes to their substantially lower explanatory power compared to the current risk-adjustment models.
DiSCUSSiOn
There are important tradeoffs and differences between the current and alternative approaches to risk adjusting HHQI NOTES: Each bar represents the value of Spearman's rank correlation coefficient for the ordinal ranking of agencies on their patient outcomes using the current model compared to rankings using the core and full alternative risk adjustment models, respectively. It is a standard correlation coefficient, ranging from -1 to 1. In this figure, a value of 0 represents no relationship between the rankings, -1 represents perfectly opposite rankings, and 1 represents perfectly matching ranks produced by the models being compared. indicators studied here. The first is the generally higher explanatory power of the current models versus the relative simplicity of the alternative models and their overall reliance on a smaller number of OASIS items and elements. That current models generally have slightly better explanatory power than the alternative models is not surprising since the stepwise approach is likely to result in models with close to the best explanatory power possible for the data set analyzed. At the same time, however, it leads to the selection of a large number of risk factors when all outcome measures are considered. In addition, because the stepwise approach fits models to the data on which they are developed, the explanatory power of these models is likely to decline when they are applied to new data sets. A second tradeoff is between the full alternative models that include the outcome-specific risk adjusters and alternative models with only the core set of risk adjusters. The latter models are easier to explain and for providers and consumers to understand. These models, however, tend not to predict outcomes as well as the full alternative models. Measures of physical functioning prior to home health admission are particularly significant in the riskadjustment models of ADL and IADL improvement. The prior OASIS items, however, are more difficult than many other items for HHAs to collect and some are less reliable than other clinical measures (Neder, Rosati, and Huang, 2005) . Should they be dropped from the OASIS instrument, the explanatory power of the riskadjustment models for most ADL and IADL improvement outcomes would be reduced by roughly 2 percentage points.
The decision to exclude home health LOS from the alternative models, in addition, has a significant impact on the explanatory power of the risk-adjustment models for the three utilization outcomes. LOS was excluded because it can be affected by problems in the care process that also affect outcomes (i.e., low-quality care can cause a longer stay as well as worse outcomes). If included, it could mask poor quality of care. A possible methodological solution with data burden and simplicity implications is to collect information on the timing of utilization outcomes (e.g., hospitalization) and estimate hazard models that take into account the time to the outcome of interest.
An agency-level analysis was conducted to examine how alternative approaches to risk adjustment of the HHQI indicators affect an agency's quality ratings, with two main findings. First, for most agencies and most outcomes, the adjusted proportion of patients with an outcome is similar regardless of whether the current or alternative models are used to risk adjust outcomes. Second, the relative ranking of agencies using current risk-adjustment models and the ranking using the full alternative risk-adjustment models are in close agreement for most outcomes. With only the core risk adjusters included in the alternative risk-adjustment models, the basic pattern of impacts is the same but, as expected, the difference in risk-adjusted outcomes and agency rankings increases. We also compared agency rankings on each of the 10 outcomes without any risk adjustment, with agency rankings using current and alternative risk-adjustment models. Not surprisingly, the correlation of unadjusted and adjusted rankings tended to be highest for outcomes where the explanatory power of risk-adjustment models is lowest, and vice versa (e.g., around 0.95 for improvement in pain, and 0.76 for improvement in bathing).
The results suggest that the relatively small reduction in explanatory power of most of the alternative risk-adjustment models for the HHQI indicators is unlikely to have a substantial effect on the quality ratings of the majority of agencies. A theory and evidence-based modeling approach, then, has the potential to simplify and provide a consistent and stable basis for risk adjustment relative to the current approach. This should make it more understandable to providers and encourage individual agencies to risk adjust their own outcomes. The reliance on a smaller number of OASIS data elements, in addition, would contribute to ongoing efforts to streamline the OASIS instrument.
We examined an alternative approach to risk adjustment of home health quality indicators in the context of the current OBQI and HHQI programs. Whether the 41 OBQI outcome measures and method of determining agency performance adequately capture the quality of care provided to the full range of patients served by all certified HHAs is the focus of other work sponsored by the DHHS. This includes the extent to which long-stay patients are underrepresented because outcomes are estimated only for OBQI episodes beginning and ending within a 12-month period. How to increase information on the quality of care provided by small agencies with too few episodes for public reporting of OBQI outcomes also is being examined. Risk adjustment will remain, however, an important issue regardless of the specific measures and procedures for assessing agency performance.
The generally limited diffusion of riskadjustment methods for assessing the quality of health care may be due to the multiple dimensions of quality, cost of appropriate data, and technical complexity of risk-adjustment methods. Blumenthal and colleagues (2005) argue that greater attention needs to be paid to simplicity, practicality, and the intuitive appeal of risk-adjustment methods to increase diffusion and the effective use of this tool. The theory and evidence-based risk-adjustment approach examined in our project is consistent with these recommendations and shows promise as a method for improving the effectiveness of publicly reported home health quality measures.
aCKnOwleDgMentS
We would like to thank CMS and staff at the University of Colorado Health Sciences Center for providing us with the data analyzed in this project and advice on its use. We also would like to thank Thomas Bow for administrative support throughout the project and Jennifer Valic for assistance with manuscript preparation.
reFerenCeS
